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(57) ABSTRACT

A mechanism 1s provided in a data processing system
comprising at least one processor and at least one memory,
the at least one memory comprising istructions executed by
the at least one processor to cause the at least one processor
to 1mplement a personalized interactive decision support
system. A personalized product recommendation module
executing within the personalized interactive decision sup-
port system correlates at least one customer to a set of
consumption preferences using a machine learning model
based on a set of traits of the at least one customer to form
at least one customer-to-preference correlation. The person-
alized product recommendation module maps a set of prod-
ucts to the set of consumption preferences using a consump-
tion preferences-to-product attribute mapping data structure
based on a set of attributes of the set of products to form a
set of product-to-preference correlations. The personalized
product recommendation module matches the at least one
customer to at least one product within a set of products
based on the at least one customer-to-preference correlation
and the set of product-to-preference correlations to form at
least one product recommendation. A visual and interactive
decision support module executing within the personalized
interactive decision support system presents the at least one

product recommendation.
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1

OFFERING PERSONALIZED AND
INTERACTIVE DECISION SUPPORT BASED

ON LEARNED MODEL TO PREDICT
PREFERENCES FROM TRAITS

BACKGROUND

The present application relates generally to an improved
data processing apparatus and method and more specifically
to mechanisms for offering personalized and interactive
decision support based on learned model to predict prefer-
ences from traits.

A decision support system (DSS) 1s a computer-based
information system that supports business or organizational
decision-making activities. DSSs serve the management,
operations, and planning levels of an organization (usually
mid and higher management) and help people make deci-
sions about problems that may be rapidly changing and not
casily specified in advance—i.e. decision problems requir-
ing Unstructured and Semi-Structured data analysis.

DSSs include knowledge-based systems. A properly
designed DSS 1s an iteractive soltware-based system
intended to help decision makers compile useful information
from a combination of raw data, documents, and personal
knowledge, or business models to 1dentily and solve prob-
lems and make decisions.

SUMMARY

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
herein in the Detailed Description. This Summary 1s not
intended to identily key factors or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limat
the scope of the claimed subject matter.

In one 1llustrative embodiment, a method 1s provided 1n a
data processing system comprising at least one processor
and at least one memory, the at least one memory compris-
ing instructions executed by the at least one processor to
cause the at least one processor to implement a personalized
interactive decision support system. The method comprises
correlating, by a personalized product recommendation
module executing within the personalized interactive deci-
sion support system, at least one customer to a set of
consumption preferences using a machine learning model
based on a set of traits of the at least one customer to form
at least one customer-to-preference correlation. The method
turther comprises mapping, by the personalized product
recommendation module, a set of products to the set of
consumption preferences using a consumption preferences-
to-product attribute mapping data structure based on a set of
attributes of the set of products to form a set of product-to-
preference correlations. The method further comprises
matching, by the personalized product recommendation
module, the at least one customer to at least one product
within a set of products based on the at least one customer-
to-preference correlation and the set of product-to-prefer-
ence correlations to form at least one product recommen-
dation. The method further comprises presenting, by a visual
and interactive decision support module executing within
the personalized interactive decision support system, the at
least one product recommendation.

In other illustrative embodiments, a computer program
product comprising a computer useable or readable medium
having a computer readable program 1s provided. The com-
puter readable program, when executed on a computing
device, causes the computing device to perform various ones
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2

of, and combinations of, the operations outlined above with
regard to the method illustrative embodiment.

In yet another illustrative embodiment, a system/appara-
tus 1s provided. The system/apparatus may comprise one or
more processors and a memory coupled to the one or more
processors. The memory may comprise istructions which,
when executed by the one or more processors, cause the one
Or more processors to perform various ones of, and combi-
nations of, the operations outlined above with regard to the
method illustrative embodiment.

These and other features and advantages of the present
invention will be described 1n, or will become apparent to
those of ordinary skill in the art in view of, the following
detailed description of the example embodiments of the
present mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention, as well as a preferred mode of use and
further objectives and advantages thereol, will best be
understood by reference to the following detailed descrip-
tion of illustrative embodiments when read 1n conjunction
with the accompanying drawings, wherein:

FIG. 1 1s an example diagram of a distributed data
processing system in which aspects of the illustrative
embodiments may be implemented;

FIG. 2 1s an example block diagram of a computing
device 1n which aspects of the illustrative embodiments may
be implemented;

FIG. 3 1s a block diagram of a personalized interactive
decision support system in accordance with an 1illustrative
embodiment of the illustrative embodiment;

FIG. 4 depicts a model that correlates customer traits to
consumption preferences and correlates consumption prei-
erences to product attributes 1n accordance with an 1llustra-
tive embodiment;

FIG. 5 illustrates a product recommendation for a given
customer based on personality traits 1n accordance with an

illustrative embodiment;

FIG. 6 1llustrates an output recommending suitable funds
or insurance plans for clients that match their personality
and risk profile;

FIGS. 7A and 7B are diagrams 1llustrating how interactive
decision support enables a customer to choose a product 1n
accordance with an illustrative embodiment;

FIG. 8 1s a flowchart illustrating operation of a mechanism
for oflering personalized and interactive decision support for
product recommendations 1n accordance with an 1llustrative
embodiment;

FIG. 9 1s a flowchart illustrating operation of a mechanism
for generating a product recommendation for a given cus-
tomer based on preferences 1n accordance with an 1llustra-
tive embodiment;

FIG. 10 1s a flowchart illustrating operation of a mecha-
nism for generating a product recommendation for a given
product based on preferences 1in accordance with an 1illus-
trative embodiment;

FIG. 11 1s a flowchart 1llustrating operation of a mecha-
nism for improving matching through customer feedback in
accordance with an illustrative embodiment; and

FIG. 12 1s a flowchart illustrating operation of a mecha-
nism for interactive decision support based on preferences
derived from user-generated content sources 1n accordance
with an 1illustrative embodiment.

DETAILED DESCRIPTION

Human decision processes are highly interactive, espe-
cially when those decisions are complex involving compet-
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ing objectives, preferences, and constraints. In many com-
plex decision problems, humans seek the assistance of tools
to conduct research, discover options, and explore alterna-
tives and tradeotls before making informed decisions. Each
individual 1s driven by not only his constraints but also by
his preferences and personality that are unique to him. A
solution that appeals to one individual may not appeal to
another. Therefore, decision support tools must take peo-
ple’s personalities and preferences into account. Tradeolls
between value attributes that adequately capture the decision
maker’s preferences are especially essential 1n decision
problems where multiple attributes are imvolved.

Most available decision support tools take a specific
structured set of solutions and enable the exploration of
tradeoils. However, most of the decision support tools in
practice today do not understand the person who 1s making
the decision at a deeper level to personalize the solutions.
Most known decision support tools capture the preferences
cither by explicitly asking the user or by preference elici-
tation techniques. Often, the process of structuring the
attributes and then assessing the tradeoils can be arduous
and prone to mistakes. While these techniques work fine 1n
cases where users are willing to reveal their preferences
explicitly via means such as surveys, they often do not work
in situations where 1t 1s not practical to collect this data or
when users are not willing to participate 1n such a collection
pProcess.

In accordance with the illustrative embodiments, a
mechanism 1s provided for offering personalized and inter-
active decision support to decision makers mvolving com-
plex multi-objective decision choices. The mechanism of the
illustrative embodiments does not explicitly elicit user pret-
erences. The mechanism infers the user’s personality, basic
values, needs, intent, emotional status, and preferences from
various user-generated content sources such as text, audio,
video, and 1images and personalizes the decision alternatives
offered to the user. The mechanism also allows customers to
decide which of the recommended alternatives to choose by
observing different tradeoils.

In the following description, the illustrative embodiments
are described with reference to the financial service domain
where products are different investments; however, aspects
of the illustrative embodiments are broadly applicable to
other domains such as healthcare, retail, travel, etc.

Before beginning the discussion of the various aspects of
the illustrative embodiments, it should {first be appreciated
that throughout this description the term “mechanism™ wall
be used to refer to elements of the present invention that
perform various operations, functions, and the like. A
“mechanism,” as the term 1s used herein, may be an 1mple-
mentation of the functions or aspects of the illustrative
embodiments 1n the form of an apparatus, a procedure, or a
computer program product. In the case of a procedure, the
procedure 1s implemented by one or more devices, appara-
tus, computers, data processing systems, or the like. In the
case of a computer program product, the logic represented
by computer code or instructions embodied 1n or on the
computer program product 1s executed by one or more
hardware devices in order to implement the functionality or
perform the operations associated with the specific “mecha-
nism.” Thus, the mechanisms described herein may be
implemented as specialized hardware, software executing on
general purpose hardware, software instructions stored on a
medium such that the instructions are readily executable by
specialized or general purpose hardware, a procedure or
method for executing the functions, or a combination of any
of the above.
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The present description and claims may make use of the
terms “a,” “at least one of,”” and “one or more of” with regard
to particular features and elements of the illustrative
embodiments. It should be appreciated that these terms and
phrases are mtended to state that there 1s at least one of the
particular feature or element present in the particular illus-
trative embodiment, but that more than one can also be
present. That 1s, these terms/phrases are not intended to limit
the description or claims to a single feature/element being
present or require that a plurality of such features/elements
be present. To the contrary, these terms/phrases only require
at least a single feature/element with the possibility of a
plurality of such features/elements being within the scope of
the description and claims.

Moreover, it should be appreciated that the use of the term
“engine,” 1 used herein with regard to describing embodi-
ments and features of the invention, 1s not intended to be
limiting of any particular implementation for accomplishing
and/or performing the actions, steps, processes, etc., attrib-
utable to and/or performed by the engine. An engine may be,
but 1s not limited to, software, hardware and/or firmware or
any combination thereof that performs the specified func-
tions including, but not limited to, any use of a general
and/or specialized processor in combination with appropri-
ate software loaded or stored 1n a machine readable memory
and executed by the processor. Further, any name associated
with a particular engine 1s, unless otherwise specified, for
purposes of convemence of reference and not intended to be
limiting to a specific implementation. Additionally, any
functionality attributed to an engine may be equally per-
formed by multiple engines, incorporated into and/or com-
bined with the functionality of another engine of the same or
different type, or distributed across one or more engines of
various configurations.

In addition, 1t should be appreciated that the following
description uses a plurality of various examples for various
clements of the illustrative embodiments to further 1llustrate
example 1mplementations of the illustrative embodiments
and to aid in the understanding of the mechanisms of the
illustrative embodiments. These examples intended to be
non-limiting and are not exhaustive of the various possibili-
ties for implementing the mechanisms of the illustrative
embodiments. It will be apparent to those of ordinary skill
in the art 1n view of the present description that there are
many other alternative implementations for these various
clements that may be utilized 1n addition to, or 1n replace-
ment of, the examples provided herein without departing
from the spirit and scope of the present invention.

The illustrative embodiments may be utilized in many
different types of data processing environments. In order to
provide a context for the description of the specific elements
and functionality of the illustrative embodiments, FIGS. 1
and 2 are provided hereafter as example environments 1n
which aspects of the 1llustrative embodiments may be imple-
mented. It should be appreciated that FIGS. 1 and 2 are only
examples and are not intended to assert or imply any
limitation with regard to the environments 1n which aspects
or embodiments of the present invention may be imple-
mented. Many modifications to the depicted environments
may be made without departing from the spirit and scope of
the present invention.

FIG. 1 depicts a pictorial representation of an example
distributed data processing system 1n which aspects of the
illustrative embodiments may be implemented. Distributed
data processing system 100 may include a network of
computers 1 which aspects of the illustrative embodiments
may be implemented. The distributed data processing sys-
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tem 100 contains at least one network 102, which 1s the
medium used to provide communication links between
various devices and computers connected together within
distributed data processing system 100. The network 102
may include connections, such as wire, wireless communi-
cation links, or fiber optic cables.

In the depicted example, server 104 and server 106 are
connected to network 102 along with storage unit 108. In
addition, clients 110, 112, and 114 are also connected to
network 102. These clients 110, 112, and 114 may be, for
example, personal computers, network computers, or the
like. In the depicted example, server 104 provides data, such

as boot files, operating system images, and applications to
the clients 110, 112, and 114. Clients 110, 112, and 114 are

clients to server 104 1n the depicted example. Distributed

data processing system 100 may include additional servers,
clients, and other devices not shown.

In the depicted example, distributed data processing sys-
tem 100 1s the Internet with network 102 representing a
worldwide collection of networks and gateways that use the
Transmission Control Protocol/Internet Protocol (TCP/IP)
suite of protocols to communicate with one another. At the
heart of the Internet 1s a backbone of high-speed data
communication lines between major nodes or host comput-
ers, consisting of thousands of commercial, governmental,
educational and other computer systems that route data and
messages. Of course, the distributed data processing system
100 may also be implemented to include a number of
different types of networks, such as for example, an intranet,
a local area network (LAN), a wide area network (WAN), or
the like. As stated above, FIG. 1 1s intended as an example,
not as an architectural limitation for different embodiments
of the present mvention, and therefore, the particular ele-
ments shown 1 FIG. 1 should not be considered limiting
with regard to the environments 1 which the illustrative
embodiments of the present invention may be implemented.

As shown 1 FIG. 1, one or more of the computing
devices, e.g., server 104, may be specifically configured to
implement a personalized interactive decision support sys-
tem 120. The configuring of the computing device may
comprise the providing of application specific hardware,
firmware, or the like to facilitate the performance of the
operations and generation of the outputs described herein
with regard to the 1llustrative embodiments. The configuring
of the computing device may also, or alternatively, comprise
the providing of software applications stored 1n one or more
storage devices and loaded into memory of a computing
device, such as server 104, for causing one or more hardware
processors of the computing device to execute the software
applications that configure the processors to perform the
operations and generate the outputs described herein with
regard to the illustrative embodiments. Moreover, any com-
bination of application specific hardware, firmware, soft-
ware applications executed on hardware, or the like, may be
used without departing from the spirit and scope of the
illustrative embodiments.

It should be appreciated that once the computing device 1s
configured i one of these ways, the computing device
becomes a specialized computing device specifically con-
figured to implement the mechanisms of the illustrative
embodiments and 1s not a general purpose computing
device. Moreover, as described hereafter, the implementa-
tion of the mechanisms of the illustrative embodiments
improves the functionality of the computing device and
provides a useful and concrete result that facilitates a
personalized interactive decision support system 120.
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As noted above, the mechanisms of the illustrative
embodiments utilize specifically configured computing
devices, or data processing systems, to perform the opera-
tions for a personalized interactive decision support system
120. These computing devices, or data processing systems,
may comprise various hardware elements which are specifi-
cally configured, either through hardware configuration,
soltware configuration, or a combination of hardware and
software configuration, to implement one or more of the
systems/subsystems described herein. FIG. 2 1s a block
diagram of just one example data processing system 1n
which aspects of the illustrative embodiments may be imple-
mented. Data processing system 200 1s an example of a
computer, such as server 104 in FIG. 1, in which computer
usable code or instructions implementing the processes and
aspects of the illustrative embodiments of the present inven-
tion may be located and/or executed so as to achieve the
operation, output, and external aflects of the illustrative
embodiments as described herein.

In the depicted example, data processing system 200
employs a hub architecture including north bridge and
memory controller hub (NB/MCH) 202 and south bridge
and mput/output (I/0) controller hub (SB/ICH) 204. Pro-
cessing unit 206, main memory 208, and graphics processor
210 are connected to NB/MCH 202. Graphics processor 210
may be connected to NB/MCH 202 through an accelerated
graphics port (AGP).

In the depicted example, local area network (LAN)
adapter 212 connects to SB/ICH 204. Audio adapter 216,
keyboard and mouse adapter 220, modem 222, read only
memory (ROM) 224, hard disk drive (HDD) 226, CD-ROM
drive 230, universal serial bus (USB) ports and other com-
munication ports 232, and PCI/PCle devices 234 connect to
SB/ICH 204 through bus 238 and bus 240. PCI/PCle devices
may include, for example, Ethernet adapters, add-in cards,
and PC cards for notebook computers. PCI uses a card bus
controller, while PCle does not. ROM 224 may be, for
example, a tlash basic mput/output system (BIOS).

HDD 226 and CD-ROM drive 230 connect to SB/ICH
204 through bus 240. HDD 226 and CD-ROM drive 230
may use, for example, an integrated drive electronics (IDE)
or serial advanced technology attachment (SATA) interface.

Super 1/0 (SIO) device 236 may be connected to SB/ICH
204.

An operating system runs on processing unit 206. The
operating system coordinates and provides control of vari-
ous components within the data processing system 200 1n
FIG. 2. As a client, the operating system may be a commer-
cially available operating system such as Microsoft® Win-
dows 7®. An object-oriented programming system, such as
the Java™ programming system, may run in conjunction
with the operating system and provides calls to the operating
system from Java™ programs or applications executing on
data processing system 200.

As a server, data processing system 200 may be, for
example, an IBM eServer™ System p® computer system,
Power® processor based computer system, or the like,
running the Advanced Interactive Executive (AIX®) oper-
ating system or the LINUX® operating system. Data pro-
cessing system 200 may be a symmetric multiprocessor
(SMP) system including a plurality of processors in pro-
cessing unit 206. Alternatively, a single processor system
may be employed.

Instructions for the operating system, the object-oriented
programming system, and applications or programs are
located on storage devices, such as HDD 226, and may be
loaded 1nto main memory 208 for execution by processing
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unit 206. The processes for illustrative embodiments of the
present invention may be performed by processing unit 206
using computer usable program code, which may be located
in a memory such as, for example, main memory 208, ROM
224, or in one or more peripheral devices 226 and 230, for
example.

A bus system, such as bus 238 or bus 240 as shown 1n
FIG. 2, may be comprised of one or more buses. Of course,
the bus system may be implemented using any type of
communication fabric or architecture that provides for a
transier of data between different components or devices
attached to the fabric or architecture. A communication unit,
such as modem 222 or network adapter 212 of FIG. 2, may
include one or more devices used to transmit and receive

data. A memory may be, for example, main memory 208,
ROM 224, or a cache such as found in NB/MCH 202 1n FIG.

2.

As mentioned above, 1n some 1llustrative embodiments
the mechanisms of the illustrative embodiments may be
implemented as application specific hardware, firmware, or
the like, application software stored 1n a storage device, such
as HDD 226 and loaded into memory, such as main memory
208, for executed by one or more hardware processors, such
as processing unit 206, or the like. As such, the computing
device shown in FIG. 2 becomes specifically configured to
implement the mechamisms of the illustrative embodiments
and specifically configured to perform the operations and
generate the outputs described hereafter with regard to the
personalized interactive decision support system.

Those of ordinary skill 1n the art will appreciate that the
hardware 1n FIGS. 1 and 2 may vary depending on the
implementation. Other internal hardware or peripheral
devices, such as flash memory, equivalent non-volatile
memory, or optical disk drives and the like, may be used in
addition to or 1n place of the hardware depicted in FIGS. 1
and 2. Also, the processes of the illustrative embodiments
may be applied to a multiprocessor data processing system,
other than the SMP system mentioned previously, without
departing from the spirit and scope of the present invention.

Moreover, the data processing system 200 may take the
form of any of a number of different data processing systems
including client computing devices, server computing
devices, a tablet computer, laptop computer, telephone or
other communication device, a personal digital assistant
(PDA), or the like. In some illustrative examples, data
processing system 200 may be a portable computing device
that 1s configured with flash memory to provide non-volatile
memory for storing operating system files and/or user-
generated data, for example. Essentially, data processing
system 200 may be any known or later developed data
processing system without architectural limitation.

FIG. 3 1s a block diagram of a personalized interactive
decision support system 1n accordance with an illustrative
embodiment of the illustrative embodiment. Products and
attributes 301 are provided to personalized interactive deci-
sion support system (DSS) 300. A set of products and a set
ol attributes for each product are specified. In a financial
domain, for example, such products may be different invest-
ment choices, and a set of attributes may be long term vs.
short term, interest rate, risk indicator, etc.

One approach 1s to study behaviors and actions and build
predictive models based on the available evidence. One can
observe the type of investments made by investors histori-
cally, obtain their personality traits either by explicitly
administering a survey or by using other techniques, and
build a model that can predict what kind of people are likely
to make what kind of investments. For instance, one may be
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able to correlate that people who are high extraversion and
high excitement-seeking personality traits are likely to make
short-term 1nvestments. While this kind of approach 1s
uselul, there are several limitations. Models built this way
are very diflicult to explain. Why do people who are extra-
verted and excitement-seeking tend to mnvest 1n short-term
investments? It 1s likely that people with these personality
traits are likely to be more risk-taking. Having this insight 1s
extremely helpful 1n explaining the system

Another disadvantage 1s that one has to observe each
behavior that 1s to be predicated and build models to predict
cach one. This 1s a cumbersome process. The coverage of
behaviors that one can attain 1n such systems tends to be low
since the explicit numbers of models that are to be observed
are very many. The 1llustrative embodiments present a more
general purpose approach to the problem of correlating
personality traits with an intermediate canonical, more
broad-based consumption preference attributes. These
broad-based consumption preference attributes are then
mapped on an as-needed basis to a set of product attributes
in specific domains. This approach oflers much more flex-
ibility and 1s less brittle. It also offers explainability that 1s
missing in other approaches.

Customer profile generator 330 generates a customer
profile for the user 302. For a given customer or user 302,
customer profile generator 330 collects and computes a set
of traits 331 for the customer 302. The traits comprise
personality, basic human value, needs, emotion, interest,
life-event, and life-style of the customer. Such traits may be
computed from digital footprints (text, audio, video, or
image) ol the customer available in different customer-
generated content sources, including social media data
sources 371, enterprise data sources 372, and other sources
373. The traits may also include demographics information
of the customer and domain specific profile information,
¢.g., risk profile or investment goal 1n the financial domain.

In one embodiment, customer profile generator 330 per-
forms linguistic analysis on the customer-generated content
to derive the customer traits 331, including personality traits.
Customer profile generator 330 may use existing tools for
determining personality traits about the customer. For
example, the IBM Watson™ Personality Insights service
provides an Application Programming Interface (API) that
enables applications to derive insights from social media,
enterprise data, or other digital commumnications. The service
uses linguistic analytics to infer imndividuals” intrinsic per-
sonality characteristics, including Big Five, Needs, and
Values, from digital communications such as email, text
messages, tweets, and forum posts. The service can auto-
matically infer, from potentially noisy social media, portraits
of individuals that reflect their personality characteristics.

In one example embodiment, the customer traits may
comprise a set ol personality traits including openness,
conscientiousness, extroversion, agreeableness, and neuroti-
cism. In addition, or i1n alternative embodiment, the cus-
tomer traits may comprise a set of needs comprising excite-
ment, harmony, curiosity, 1deal, closeness, self-expression,
liberty, love, practicality, stability, challenge, and structure.
In addition, or 1n yet another alternative embodiment, the
customer traits may comprise a set ol values measured along
dimensions comprising seli-transcendence/helping others,
conservation/tradition, hedonism/taking pleasure 1 life,
self-enhancement/achieving success, and open to change/
excitement.

Personalized product recommendation module 360
matches customers with products and generates a set of
product recommendations 361 based on a customer trait-to-
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consumption preference model 380 and a consumption
preference-to-product attribute mapping 390. In one
embodiment, customer trait-to-consumption prelference
model 380 comprises a set of rules that map customer traits
to consumption preferences. In another embodiment, cus-
tomer trait-to-consumption preference model 380 comprises
a machine learning model, such as a linear regression model,
to determine a correlation, with a corresponding correlation
value, between customer traits and consumer preferences.
Based on these correlations, personalized product recom-
mendation module 360 generates the set of consumption
preferences.

Personalized product recommendation module 360 also
matches consumption preferences with product attributes
and generates a set of product recommendations 361 using
consumption preferences-to-product attribute mapping 380
based on the dertved consumption preferences of one or
more customers.

FIG. 4 depicts a model that correlates customer traits to
consumption preferences and correlates consumption prei-
erences to product attributes 1n accordance with an 1llustra-
tive embodiment. Let T represent a set of all customer profile
traits or attributes 401. Each t represents an individual
customer trait. A set ol customer traits 1s represented as
follows:

T={t,t5,13,2,, . .

L4t

where | represents the number of customer traits 1n the set.

The set P represents a list of all consumption preferences
402. Each preferences 1s represented by p. Examples of
consumption preferences are as follows: high-risk, ergo-
nomic, animal-friendly, short-term, etc. A set of consump-
tion preferences 1s represented as follows:

PZ{p1;p2;p3;p4 :::: pm}:

where m represents the number of consumption prefer-
ences.

As stated above, products and attributes 301 provides a
plurality of products and a set of product attributes for each
product. The set A represents a list of product attributes for
a given product or all known product attributes 403. Each
attribute 1s represented by a. An example of a product
attribute a may be “investment nstrument 135 1s associated
with high risk. A set of product attributes 1s represented as
follows:

A={a,asasay, .. ., a,}t,

where n represents the number of product attributes for a
grven product or a total number of known product attributes
depending on the implementation.

Let the correlation between personality trait t, and pret-
erence p, be represented by the term ¢,,_,,, where 1 and j are
the mdlees for the profile traits 1n the set T and preferences
in set P, respectively. These correlation values may be
derived by running statistical analysis on a set of observed
data for people with their personality traits and their
expressed or observed preferences. Data can be collected via
surveys or from transactional data 1f available. In one
embodiment, these correlations c¢,,_,, may be stored within
customer trait-to-consumption preference model 380.

Similarly, let ¢ ., represent the correlation between pret-
erence p, and preduet attribute a,, where j and k are the
indices for preferences and product attributes 1n sets P and
A, respectively. Correlation values between product attri-
butes and preferences may be obtained by conducting
semantic analysis on product descriptions. In one embodi-
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ment, these correlations ¢ ., may be stored within con-
sumption preference-to- preduet attribute mapping 390.

Once such a knowledge graph, consisting of customer
trait-to-consumption preference model 380 and consump-
tion preference-to-product attribute mapping 390, 1s built,
personalized product recommendation module 360 can
query this graph for making suitable matches from both
sides. For example, on one hand, people may ask questions
as follows:

“In my segment I have a group of people who are highly
orderly, highly self-disciplined, highly cautious, and mod-
crate. What are their preferences? What kind of products can
I recommend to them?”

These kinds of questions can be addressed by parsing the
knowledge graph from left (customer) to right (product), as
shown 1n FIG. 4. First, personalized product recommenda-
tion module 360 determines preferences from the correla-
tions associated with the given personality traits. Then,
personalized product recommendation module 360 deter-
mines which products have attributes that correlate with the
identified preferences and recommends those products to
those customers as a set of product recommendations 361.

Personalized product recommendation module 360 starts
with the given set of customer traits. In the above query,
there are four traits. Say a set O, represents this subset of
traits, where O, belongs to T. Fer cach trait, personalized
product recommendation module 360 retrieves all the cor-
related preferences whose correlation value 1s above a
specified threshold €2, . The subset of preterences retrieved
after applying the threshold 1s represented as @, where @,
belongs to P.

Similarly, for each preference 1n the obtained subset,
personalized product recommendation module 360 retrieves
all the correlated product attributes that have correlation
values above a specitied threshold €2, . The subset of prod-
uct attributes obtained from this 1s represented as 4 , where
a_belongs to A. Now the matching process can be stated as
follows:

For each trait t, in set O, retrieve all preferences into a set

@, whose ¢, ,>€2, . This 1s a union.

For eaeh preference p; in set @ , retrieve all attributes nto
asetd, whose c,_ > .

Those preduets whose attributes are in set 4 are the best
possible recommendations for people with personality
traits in the set O..

In another example, people can ask a question as follows:

“I have to promote products X, Y, and Z. What kind of
people would be most interested 1n these products?”

These kinds of questions may be addressed by parsing the
knowledge graph from right (product) to left (customer), as
shown 1 FIG. 4. Personalized product recommendation
module 360 associates consumption preferences with prod-
uct attributes and determines which personality traits corre-
late with those consumption preferences. Based on that,
personalized product recommendation module 360 deter-
mines what customers are likely to prefer that specific set of
products based on their personality traits. The above algo-
rithm can be traversed in reverse order to answer this
question.

The matching and recommendation algorithm can use
such rules to compute match scores between investment
products and the customer. Tradeofl analytics module 350
uses these findings to perform tradeoil analysis among
various dimensions of the funds to choose funds that would
appeal to a customer. Tradeofl analytics module 350 pro-
vides an optimal set of products and their attributes 341 to

visual interactive decision support module. Also, evidence
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and explanation module 340 provides evidence, such as
personality traits, product attributes, and results of tradeoil
analysis to visual and interactive decision support module
320. In one embodiment, evidence and explanation module
340 shows the reasoning and mappings the system went
through to arrive at the recommendations as a way of
showing evidence. In another embodiment, evidence and
explanation module 340 generates natural language expla-
nations that shows the reasoning and mappings the system
went through to arrive at the recommendations.

Visual and interactive decision support module 320 pres-
ents recommendations 1n an interactive visualization. By
using an 1nteractive visualization, visual and interactive
decision support module 320 can help the customer decide
which of the recommended products to choose by observing

different tradeofls. Such a wvisualization shows recom-

mended products, at least one customer trait, and at least one
product attribute that are used in the matching to compute
the recommendation.

Because the visualization 1s interactive, the customer can
manipulate the visualization to give mput to cause a change
in the matching to better reflect the preference. Learning
module 310 continuously improves the underlying matching,
algorithm through customer feedback. Such feedback 1is
collected through the interactive visualization. Thus, visual
and mteractive decision support module 320 sends optimal
set of products and their attributes 311, as well as customer
teedback, to learning module 310. In one embodiment, the
learning module 310 then modifies customer trait-to-con-
sumption preference model 380 to reflect the changes made
by the customer. For example, 1f customer trait-to-consump-
tion preference model 380 i1s rule-based, then learning
module 310 modifies the rules to more accurately match
customer traits to the desired consumption preferences. If
the customer trait-to-consumption preference model 380 1s a
statistical based machine learning model, such as a linear
regression model, then the learning module 310 retrains the
statistical based matching model.

In one embodiment, for the financial domain where prod-
ucts are mvestment funds and available attributes for cus-
tomers are their Bigd personality traits computed from text,
the matching algorithm uses a set of correlations between
personality traits and imvestment risk preference to compute
a match score. As an example, risk preference of an indi-
vidual 1s correlated to the following personality traits:

Cautiousness (-ve correlated): Disposed to think through

possibilities carefully before acting.

Orderliness (-ve correlated): Well-organized, tidy, and

neat.

Prone to worry (-ve correlated): Easily overwhelmed in

stressful situations.

Ideal (-ve correlated): Desire perfection and a sense of

community.

Stability (-ve correlated): Seek equivalence 1n the physi-

cal world and favor the sensible, the tried and tested.

Conservation (-ve correlated): Emphasize seli-restriction,

order, and resistance to change.

In the above embodiment, personalities drive risk prefer-
ences of individuals. The matching algorithm finds a suitable
investment option for a given client that suits the personality,
risk profile, and investment goals of the client. Once match
scores between products and customer are computed, the
personalized iteractive decision support system can recom-
mend matched products to customers. In one embodiment,
cach mvestment fund, based on its risk score 1s assigned a
personality value on selected attributes. Next, funds that
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have similar personality portrait to the customer’s person-
ality are recommended to the customer.

Each fund, based on 1ts risk score 1s assigned a personality
value on selected attributes. The personality portrait of a
fund with the highest risk (1.71) has the following person-
ality values:

Cautiousness 50

Orderliness O

Vulnerability O

Ideal O

Stability 50

Conservation O

The personality portrait of a fund with the lowest risk
(0.33) has the following personality values:

Cautiousness 100

Orderliness S0

Vulnerability 50

Ideal 50

Stability 100

Conservation 50

For the financial domain, studies also indicate the follow-
ng:

Individuals who are more extraverted tend to engage 1n

short-term 1nvesting.

Individuals higher 1n neuroticism and/or risk aversion

avoid short-term based investment decisions.

Risk-averse individuals do not engage in long-term

investing.

Individuals who are more open to experience are inclined

to engage 1n long-term investing; however, openness
did not predict short-term investing.

FIG. 5 illustrates a product recommendation for a given
customer based on personality traits 1n accordance with an
illustrative embodiment. FIG. 6 1llustrates an output recom-
mending suitable funds or msurance plans for clients that
match their personality and risk profile.

FIGS. 7A and 7B are diagrams 1llustrating how interactive
decision support enables a customer to choose a product 1n
accordance with an illustrative embodiment. As shown 1n
FIG. 7A, the interface for interactive decision support pro-
vides slider controls 701 that allow the user, such as a sales
agent, to modity criteria values used to determine a product
recommendation. In particular product/customer match
slider 702 allows the user to determine to what degree
personality match 1s used to recommend a product. The user
may use slider controls 701 to modily criteria, such as
yield-to-date, mid-term return, long-term return, etc., along
with fund/client personality match, to perform tradeoll ana-
lytics processing on the product recommendations. In one
embodiment, the interactive decision support system may
expose user traits at the individual level and let the user
explore the tradeofls. In the example shown 1n FIG. 7B, the
user wants high personality match and high long-term vyield.
In the depicted example, there 1s only one fund matching
these constraints.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present 1nvention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
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semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1n each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
ol one or more programming languages, including an object
ortented programming language such as Java, Smalltalk,
C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer readable program
istructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program 1instructions by utilizing state information
of the computer readable program 1nstructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present mvention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
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flowchart 1llustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
mstructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

FIG. 8 1s a flowchart 1llustrating operation of a mechanism
for oflering personalized and interactive decision support for
product recommendations 1n accordance with an 1llustrative
embodiment. Operation begins (block 800), and the mecha-
nism specifies products and product attributes (block 801).
The mechanism establishes a model to predict consumption
preferences from customer traits (block 802). The model
may be rule-based or may be a statistical machine learming,
model. In one embodiment, the model 1s based on a set of
correlations between customer traits, such as personality
traits, values, needs, intent, emotional status, etc., and a set
of consumption preferences. These correlations may be
derived by running statistical analysis on a set of observed
data for people with their personality traits and their
expressed or observed preferences. Data may be collected
via surveys or from transactional data.

The mechanism then maps product attributes to consump-
tion preferences (block 803). In one embodiment, this map-
ping 1s based on a set of correlations between consumption
preferences and product attributes. These correlations can be
obtained by conducting semantic analysis on product
descriptions, for example. Therealter, operation ends (block
804).

FIG. 9 1s a flowchart illustrating operation of a mechanism
for generating a product recommendation for a given cus-
tomer based on preferences 1n accordance with an 1llustra-
tive embodiment. Operation begins (block 900), and the
mechanism generates a customer profile (block 901) by
obtaining a set of customer traits. In one embodiment, the
mechanism obtains the customer traits explicitly through
surveys, for example. In another embodiment, to be
described below with reference to FIG. 12, the mechanism
generates the customer profile by performing linguistic
analysis on customer-generated content, such as social
media, email, demographics, etc.

The mechanism then matches the customer traits to con-
sumption preferences using a customer trait-to-consumption
preferences model (block 902). More specifically, the
mechanism applies the customer traits to a set of correlation
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values that map customer traits to consumption preferences.
The mechanism may then identify a subset of consumption
preferences having a correlation value that 1s greater than a
predetermined trait-preference threshold.

Next, the mechanism matches the subset of preferences to
products using a consumption preference-to-product attri-
bute mapping (block 903). More specifically, the mechanmism
applies the subset of preferences to a set of correlation
values that map consumption preferences to product attri-
butes. The mechamism may then 1dentify a subset of product
attributes having a correlation value that i1s greater than a
predetermined preference-attribute threshold.

The mechanism generates a product recommendation
identifyving products having the subset of product attributes
(block 904). Thereafter, operation ends.

FIG. 10 1s a flowchart illustrating operation of a mecha-
nism for generating a product recommendation for a given
product based on preferences 1n accordance with an illus-
trative embodiment. Operation begins (block 1000), and the
mechanism i1dentifies a product (block 1001). The mecha-
nism matches product attributes of the product to consump-
tion preferences using a consumption preference-to-product
attribute mapping (block 1002). More specifically, the
mechanism applies the product attributes to a set of corre-
lation values that map consumption preferences to consump-
tion preferences. The mechanism may then identify a subset
ol consumption preferences having a correlation value that
1s greater than a predetermined preference-attribute thresh-
old.

The mechanism matches the subset of consumption pret-
erences 1o a set of customer traits using a customer trait-to-
consumption preference model (block 1003). More specifi-
cally, the mechanism applies the subset of preferences to a
set of correlation values that map consumption preferences
to customer traits. The mechanism may then identily a
subset of customer traits having a correlation value that 1s
greater than a predetermined trait-preference threshold.

The mechanism generates a product recommendation
identifying customers having the subset of customer traits
that might be interested i the product (block 1004). There-
alter, operation ends (block 1005).

FIG. 11 1s a flowchart illustrating operation of a mecha-
nism for improving matching through customer feedback in
accordance with an 1illustrative embodiment. Operation
begins (block 1100), and the mechanism presents a product
recommendation to a customer (block 1101). The presenta-
tion may use an interactive visualization that shows the
recommended products, at least one customer trait, and at
least one product attribute that are used in the matching to
generate the recommendation. Because the visualization 1s
interactive, 1t allows the customer to manipulate the visual-
1zation so that customers can give input to cause change 1n
the matching to better reflect the preference. The mechanmism
receives the customer feedback (block 1102) and updates the
prediction model based on the customer feedback (block
1103). Thereatter, operation ends (block 1104).

In one embodiment, the mechanism updates the model by
updating rules of a rule-based customer trait-to-consumption
preference model. In another embodiment, the mechamism
updates a set of correlation values that map the customer
traits to consumption preferences. In yet another embodi-
ment, the mechanism performs a training algorithm to
retrain a statistical machine learning model, such as a linear
regression model.

FI1G. 12 1s a flowchart 1llustrating operation of a mecha-
nism for interactive decision support based on preferences
derived from user-generated content sources 1n accordance
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with an 1llustrative embodiment. Operation begins (block
1200), and the mechanism obtains customer content from
customer-generated content sources and other sources
(block 1201). The customer-generated content sources may
include social media content, email or other electronic
communications, and the like. Other sources of content may
include enterprise data sources, demographic information,
and the like.

Next, the mechanism performs natural language process-
ing (1202) and performs linguistic analytics and personality
insight theory (block 1203). In one embodiment, the mecha-
nism may use an existing tool for determining personali
traits about the customer. For example, the IBM Watson™
Personality Insights service provides an Application Pro-
gramming Interface (API) that enables applications to derive
insights from social media, enterprise data, or other digital
communications. The mechanism then determines person-
ality traits of the customer (block 1204) and generates a
customer profile based on the personality and other customer
traits (block 1205). Thereafter, operation ends (block 1206).

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion of 1nstructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality mvolved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

Thus, the illustrative embodiments provide mechanisms
for offering personalized and interactive decision support to
decision makers involving complex multi-objective decision
choices. The mechanisms of the illustrative embodiments
infer the customer’s personality and preferences automati-
cally from any available user generated content, such as text,
audio, 1mages, and videos. The mechanisms use this infor-
mation to personalize the decision choices that are presented
to the customer. By weeding out irrelevant decision choices,
the 1llustrative embodiments save significant time for deci-
sion makers as they can focus on exploring tradeoils among,
the choices that are more relevant.

As noted above, 1t should be appreciated that the 1llus-
trative embodiments may take the form of an entirely
hardware embodiment, an entirely software embodiment or
an embodiment containing both hardware and software
clements. In one example embodiment, the mechanisms of
the 1llustrative embodiments are implemented 1n software or
program code, which includes but 1s not limited to firmware,
resident software, microcode, etc.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
communication bus, such as a system bus, for example. The
memory elements can include local memory employed
during actual execution of the program code, bulk storage,
and cache memories which provide temporary storage of at
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least some program code 1n order to reduce the number of
times code must be retrieved from bulk storage during
execution. The memory may be of various types including,
but not limited to, ROM, PROM, EPROM, EEPROM,
DRAM, SRAM, Flash memory, solid state memory, and the
like.

Input/output or I/O devices (including but not limited to
keyboards, displays, pointing devices, etc.) can be coupled
to the system either directly or through intervening wired or
wireless I/O interfaces and/or controllers, or the like. I/O
devices may take many different forms other than conven-
tional keyboards, displays, pointing devices, and the like,
such as for example communication devices coupled
through wired or wireless connections including, but not
limited to, smart phones, tablet computers, touch screen
devices, voice recognition devices, and the like. Any known
or later developed 1/O device 1s mtended to be within the
scope of the illustrative embodiments.

Network adapters may also be coupled to the system to
cnable the data processing system to become coupled to
other data processing systems or remote printers or storage
devices through intervening private or public networks.
Modems, cable modems and Ethernet cards are just a few of
the currently available types of network adapters for wired
communications. Wireless communication based network
adapters may also be utilized including, but not limited to,
802.11 a/b/g/n wireless communication adapters, Bluetooth
wireless adapters, and the like. Any known or later devel-
oped network adapters are intended to be within the spirt
and scope of the present invention.

The description of the present mmvention has been pre-
sented for purposes of illustration and description, and 1s not
intended to be exhaustive or limited to the invention 1n the
form disclosed. Many modifications and vanations will be
apparent to those of ordinary skill in the art without depart-
ing from the scope and spirit of the described embodiments.
The embodiment was chosen and described in order to best
explain the principles of the mvention, the practical appli-
cation, and to enable others of ordinary skill in the art to
understand the mnvention for various embodiments with
vartous modifications as are suited to the particular use
contemplated. The terminology used herein was chosen to
best explain the principles of the embodiments, the practical
application or technical improvement over technologies
found 1n the marketplace, or to enable others of ordinary
skill in the art to understand the embodiments disclosed
herein.

What 1s claimed 1s:

1. A method, 1n a data processing system comprising at
least one processor and at least one memory, the at least one
memory comprising instructions executed by the at least one
processor to cause the at least one processor to implement a
personalized interactive decision support system, the
method comprising:

generating, by a customer profile generator executing

within the personalized interactive decision support
system, a set of personality traits for at least one
customer by performing linguistic analysis on cus-
tomer-generated content to derive the set of ftraits,
wherein the customer-generated content comprises
social media content;

correlating, by a personalized product recommendation

module executing within the personalized interactive
decision support system, the at least one customer to a
set of consumption preferences using a machine learn-
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ing model based on the set of personality traits of the
at least one customer to form at least one customer-to-
preference correlation;

mapping, by the personalized product recommendation
module, a set of products to the set of consumption
preferences using a consumption preferences-to-prod-
uct attribute mapping data structure based on a set of
attributes of the set of products to form a set of
product-to-preference correlations;

matching, by the personalized product recommendation
module, the at least one customer to at least one product
within a set of products based on the at least one
customer-to-preference correlation and the set of prod-
uct-to-preference correlations to form a set of product
recommendations;

generating, by a visual and interactive decision support
module executing within the personalized interactive
decision support system, a graphical user interface
presenting the set of product recommendations to a
user, wherein the graphical user interface comprises at
least one slider control to modily criteria values used to
determine the set of product recommendations, wherein
the criteria comprise a degree to which personality
match 1s used to determine the set of product recom-
mendations:

responsive to a user iteracting with the at least one slider
control to generate feedback, adjusting, by a tradeoil
analytics module executing within the personalized
interactive decision support system, the set of product
recommendations and updating, by a learning module

executing within the personalized interactive decision
support system, the machine learning model based on
the feedback.

2. The method of claim 1, further comprising:

training the machine learming model based on statistical

analysis of a set of observed data for customers with
customer traits and expressed or observed preferences.

3. The method of claim 2, wherein the observed data 1s
collected from surveys or transactional data.

4. The method of claim 2, wherein the machine learning
model comprises a set of correlation values, wherein each
correlation value 1n the set of correlation values represents
a correlation between a customer trait and a consumption
preference.

5. The method of claim 1, further comprising receiving an
identification of the at least one customer to whom the at
least one product is to be targeted, wherein presenting the set
of product recommendations comprises presenting the at
least one product to the at least one customer.

6. The method of claim 1, further comprising receiving an
identification of the at least one product to be sold, wherein
presenting the set of product recommendations comprises
presenting the at least one customer to a sales agent such that
the at least one customer 1s a recommended target for the at
least one product.

7. The method of claim 1, wherein presenting the set of
product recommendations comprises presenting evidence
explaining the set of product recommendations.

8. The method of claim 1, wherein presenting the graphi-
cal user interface comprises a visualization that shows the at
least one product, traits within the set of traits, and attributes
within the set of attributes having a correlation contributing
to the set of product recommendations.

9. The method of claim 8, wherein the visualization shows
how the traits and the attributes correlate to the set of
consumption preferences.
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10. A computer program product comprising a computer
readable storage medium having a computer readable pro-
gram stored therein, wherein the computer readable program
comprises 1structions, which when executed on a processor
of a computing device causes the computing device to
implement a personalized interactive decision support sys-
tem, wherein the computer readable program causes the
computing device to:
generate, by a customer profile generator executing within
the personalized interactive decision support system, a
set of personality traits for at least one customer by
performing linguistic analysis on customer-generated
content to derive the set of traits, wherein the customer-
generated content comprises social media content;

correlate, by a personalized product recommendation
module executing within the personalized interactive
decision support system, the at least one customer to a
set of consumption preferences using a machine learn-
ing model based on the set of personality traits of the
at least one customer to form at least one customer-to-
preference correlation;

map, by the personalized product recommendation mod-

ule, a set of products to the set of consumption pret-
erences using a consumption preferences-to-product
attribute mapping data structure based on a set of
attributes of the set of products to form a set of
product-to-preference correlations;

match, by the personalized product recommendation

module, the at least one customer to at least one product
within a set of products based on the at least one
customer-to-preference correlation and the set of prod-
uct-to-preference correlations to form a set of product
recommendations;

generate, by a visual and interactive decision support

module executing within the personalized interactive
decision support system, a graphical user interface
presenting the set of product recommendations to a
user, wherein the graphical user interface comprises at
least one slider control to modity criteria values used to
determine the set of product recommendations, wherein
the criteria comprise a degree to which personality
match 1s used to determine the set of product recom-
mendations;

responsive to a user mteracting with the at least one slider

control to generate feedback, adjust, by a tradeofl
analytics module executing within the personalized
interactive decision support system the set of product
recommendations and update, by a learning module
executing within the personalized interactive decision
support system, the machine learning model based on
the feedback.

11. The computer program product of claim 10, wherein
the computer readable program further causes the computing,
device to:

training the machine learning model based on statistical

analysis of a set of observed data for customers with
customer traits and expressed or observed preferences.

12. The computer program product of claim 11, wherein
the observed data 1s collected from surveys or transactional
data.

13. The computer program product of claim 11, wherein
the machine learning model comprises a set of correlation
values, wherein each correlation value 1n the set of corre-
lation values represents a correlation between a customer
trait and a consumption preiference.

14. The computer program product of claim 10, wherein
the computer readable program further causes the computing,
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device to receive an i1dentification of the at least one cus-
tomer to whom the at least one product 1s to be targeted,
wherein presenting the set of product recommendations
comprises presenting the at least one product to the at least
one customer.
15. The computer program product of claim 10, wherein
the computer readable program further causes the computing
device to receive an 1dentification of the at least one product
to be sold, wherein presenting the set of product recommen-
dations comprises presenting the at least one customer to a
sales agent such that the at least one customer 1s a recom-
mended target for the at least one product.
16. The computer program product of claim 10, wherein
presenting the set of product recommendations comprises
presenting evidence explaining the set of product recom-
mendations.
17. The computer program product of claim 10, wherein
presenting the set of product recommendations comprises
presenting a visualization that shows the at least one product
and presenting traits within the set of traits and attributes
within the set of attributes having a correlation contributing
to the set of product recommendations.
18. A computing device comprising:
a processor; and
a memory coupled to the processor, wherein the memory
comprises instructions, which when executed on the
processor causes the computing device to implement a
personalized i1nteractive decision support system,
wherein the instructions cause the processor to:

generate, by a customer profile generator executing within
the personalized interactive decision support system, a
set of personality traits for at least one customer by
performing linguistic analysis on customer-generated
content to derive the set of traits, wherein the customer-
generated content comprises social media content;

correlate, by a personalized product recommendation
module executing within the personalized interactive
decision support system, the at least one customer to a
set of consumption preferences using a machine learn-
ing model based on the set of personality traits of the
at least one customer to form at least one customer-to-
preference correlation;

map, by the personalized product recommendation mod-

ule, a set of products to the set of consumption pret-
erences using a consumption preferences-to-product
attribute mapping data structure based on a set of
attributes of the set of products to form a set of
product-to-preference correlations;

match, by the personalized product recommendation

module, the at least one customer to at least one product
within a set of products based on the at least one
customer-to-preference correlation and the set of prod-
uct-to-preference correlations to form a set of product
recommendations;

generate, by a visual and interactive decision support

module executing within the personalized interactive
decision support system, a graphical user interface
presenting the set of product recommendations to a
user, wherein the graphical user interface comprises at
least one slider control to modify criteria values used to
determine the set of product recommendations, wherein
the criteria comprise a degree to which personality
match 1s used to determine the set of product recom-
mendations:

responsive to a user interacting with the at least one slider

control to generate feedback, adjust, by a tradeofl
analytics module executing within the personalized
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interactive decision support system, the set of product
recommendations and update, by a learning module
executing within the personalized interactive decision
support system, the machine leaning model based on
the feedback.

19. The computing device of claam 18, wherein the
istructions further cause the processor to:

training the machine learning model based on statistical

analysis of a set of observed data for customers with
customer traits and expressed or observed preferences.

20. The computing device of claim 19, wherein the
observed data 1s collected from surveys or transactional data.

21. The method of claim 1, wherein generating the set of
personality traits for the at least one customer comprises
accessing a personality insight service using an application
programming interface.

22. The computer programming product of claim 10,
wherein generating the set of personality traits for the at least
one customer comprises accessing a personality insight
service using an application programming interface.

23. The computing device of claim 18, wherein generat-
ing the set of personality traits for the at least one customer
comprises accessing a personality msight service using an
application programming interface.

¥ ¥ # ¥ ¥

10

15

20

25

22



	Front Page
	Drawings
	Specification
	Claims

